Under certain conditions, detection thresholds in simultaneous masking improve when the onset of a short sinusoidal probe is delayed from the onset of a long masker. This improvement, known as the temporal effect, is largest for broadband maskers and is smaller or absent for narrowband maskers centered on the probe frequency. This study tests the hypothesis that small or absent temporal effects for narrowband maskers are due to the inherent temporal envelope fluctuations of Gaussian noise. Temporal effects were measured for narrowband noise maskers with fluctuating (Bfluctuating maskers^) and flattened (Bflattened maskers^) temporal envelopes as a function of masker level (Exp. I) and in the presence of fluctuating and flattened precursors (Exp. II). The temporal effect was absent for fluctuating narrowband maskers and as large as~7 dB for flattened narrowband maskers. The AC-coupled power of the temporal envelopes of precursors and maskers accounted for 94 % of the variance in probe detection thresholds measured with fluctuating and flattened precursors and maskers. These results suggest that masker temporal envelope fluctuations contribute to the temporal effect and should be considered in future modeling efforts.
INTRODUCTION
In subjects with normal hearing, detection thresholds for a short (e.g., G 20 ms) sinusoidal probe improve as the probe's onset is delayed several tens of milliseconds from the onset of a longer masker (e.g., 9 200 ms). This improvement occurs for broadband (Zwicker 1965a ) and off-frequency maskers (McFadden 1989; Schmidt and Zwicker 1991) , but not for narrowband maskers centered on the probe frequency (Bacon and Smith 1991; Bacon and Liu 2000) . The difference in detection thresholds for probes presented near the temporal center, compared to the onset of the masker, has been referred to as overshoot (Zwicker 1965b) , or the temporal effect (Wright 1997) . This difference is reported as a positive number and indicates the improvement gained in probe detectability as a result of moving the probe from the onset to the temporal center of the masker. Subjects with permanent cochlear hearing loss (Bacon and Takahashi 1992; Strickland and Krishnan 2005; Jennings et al. 2016 ) and temporary cochlear hearing loss induced by aspirin ingestion (McFadden and Champlin 1990) or noise exposure (Champlin and McFadden 1989) have smaller temporal effects compared to normal hearing subjects. These smaller temporal effects are due to betterthan-normal detection thresholds for probes presented near the masker's onset. These effects of cochlear hearing loss have led to the hypothesis that the temporal effect depends on the degree of cochlear compression (von Klitzing and Kohlrausch 1994; Strickland 2001; Bacon and Savel 2004) , which is determined by the status of the cochlear amplifier (Davis 1983) .
Auditory models have been effective at predicting the temporal effect in subjects with normal (Strickland 2001 (Strickland , 2004 and impaired (Jennings et al. 2011; Jennings et al. 2016) hearing by assuming that (1) better-than-normal thresholds in subjects with hearing impairment for probes presented near the masker's onset are accounted for by less compressive cochlear responses; and (2) the improvement in detection thresholds for probes presented near the temporal center, compared to the onset of maskers in subjects with normal hearing, is accounted for by a decrease in compression over the first several tens of milliseconds of the masker, as a result of a reduction in cochlear amplifier gain (Schmidt and Zwicker 1991; von Klitzing and Kohlrausch 1994) . In reference to the latter point, efferent feedback from the medial olivocochlear (MOC) reflex has often been cited as a potential mechanism for the putative reduction in cochlear gain simulated by studies modeling the temporal effect (Strickland 2008; Jennings et al. 2011) .
Many of the Bgain reduction^models used to predict the temporal effect (Strickland 2001; Bacon and Savel 2004; Strickland 2008; Jennings et al. 2011; Jennings et al. 2016 ) are modifications of Fletcher's power spectrum model of masking (Fletcher 1940) , where detection is based on a constant signal-tonoise ratio (SNR) between the average power of the masker and the average power of the probe+masker at the output of an auditory filter centered on the probe frequency. Modifications required to predict the temporal effect include the simulation of cochlear compression and of a reduction in cochlear gain over the time course of the masker. In addition to predicting the temporal effect in simultaneous masking, cochlear gain reduction models account for similar Btemporal effects^in forward masking (Krull and Strickland 2008; Jennings et al. 2009; Roverud and Strickland 2010; Strickland 2010, 2012) , intensity discrimination (Roverud and Strickland 2015) , and amplitude modulation detection (Almishaal et al. 2017 ). An interpretation of the temporal effect in terms of the status of the cochlear amplifier is significant because it suggests that the normal auditory system, perhaps via efferent feedback, adapts to the local sound environment to improve performance in perceptual tasks, including listening to speech in noisy environments (Guinan 2010; Jennings et al. 2016) .
Despite the ecological appeal of interpreting the temporal effect in terms of cochlear amplifier status, such an interpretation cannot fully explain the dependence of the temporal effect on the spectral properties of the masker. For example, it is unclear why a temporal effect is observed for broadband noise (BBN) maskers (Zwicker 1965b) and tonal maskers centered on the probe frequency (Bacon and Viemeister 1985) , but not for narrowband noise (NBN) maskers centered on the probe frequency with bandwidths ≤ 10 % of the probe frequency (Bacon and Smith 1991) . Opposite of that observed with broadband and tonal maskers, thresholds for short probes are often poorer when presented near the temporal center of NBN maskers, than for probes presented at the masker's onset (Bacon and Smith 1991; Bacon and Liu 2000) . This Bnegative^temporal effect for NBN maskers may be related to differences in the temporal envelopes of NBN maskers, compared to BBN or tonal maskers. The average duration between adjacent temporal envelope dips is relatively longer for NBN compared to that for BBN. Thus, the temporal envelope of NBN fluctuates more slowly over time. In addition to these slower fluctuations, crest factors computed on the noise temporal envelope are larger for NBN than for BBN when temporal envelopes are extracted via rectification and low-pass filtering (e.g., Viemeister 1979). Several models of tone-in-noise detection have shown that a decision variable based on temporal envelope characteristics is consistent with empirical data from human listeners (Richards 1992; Ewert and Dau 2000; Davidson et al. 2006) . The question addressed in this study is whether the lack of a temporal effect for NBN maskers is partially due to the inherent temporal envelope fluctuations of these maskers, and if so, to what extent thresholds can be quantitatively accounted for by these fluctuations. Two experiments were conducted to answer these questions. Experiment I involved measuring the temporal effect as a function of probe level for NBN maskers with either fluctuating, or flattened temporal envelopes. Experiment II addressed the influence of temporal envelope fluctuations on masking by measuring probe detection thresholds in the presence of fluctuating and flattened precursors and maskers.
METHODS

Experiments and Subjects
Young normal-hearing adults served as subjects in all experiments. Subjects gave consent and were given a hearing test prior to enrollment. All subjects had audiometric thresholds ≤ 15 dB HL at octave frequencies between 250 and 8000 Hz and normal middle ear status confirmed by otoscopic examination and tympanometry (226-Hz probe tone). Subjects were paid for their participation. Six subjects (S1-S6; ages 25-31 years, 2 male) participated in Exp. 1, and five subjects (S1, S7-S10; ages 24-31, 1 male) participated in Exp. 2.
Stimuli and Apparatus
The 4000-Hz probe was 6 ms in duration with 3-ms cos 2 rise/fall ramps (no steady-state portion). The probe's onset occurred 2 or 197 ms after the onset of the 400-ms masker, which also had 3-ms cos 2 rise/fall ramps. The bandwidth of the masker was 0.5 equivalent rectangular bandwidths for normal hearing (ERB N ) (228 Hz, Glasberg and Moore 1990), and its spectrum was linearly centered on the probe frequency. Maskers with fluctuating temporal envelopes (fluctuating maskers) were generated by filtering Gaussian white noise, while maskers with flattened temporal envelopes (flattened maskers) were generated by iteratively (10 times) dividing filtered noise by the Hilbert envelope, as described by Kohlrausch et al. (1997) . All noises were independently generated (i.e., frozen noise was not used). Schematic representation of the spectral properties of the stimuli is provided in the top panel of Fig. 1 . Also, plotted in Fig. 1 is the temporal envelope power at the output of a 1-ERB N wide gammatone filter centered on the probe frequency for fluctuating and flattened maskers (bottom panel). As shown by waveform insets in Fig. 1 , temporal envelope fluctuations of flattened maskers are minimized, but not completely eliminated as would be the case for pure-tone stimuli. Crest factors in decibels are displayed next to their corresponding temporal envelope power spectra and were 10.7 and 4.4 dB for fluctuating and flattened maskers, respectively. Temporal envelope power and crest factor calculations displayed in Fig. 1 were obtained by averaging the temporal envelope power and crest factors of 2000 independently generated noise waveforms. Waveforms in Fig. 1 were obtained by passing maskers through a 1-ERB N wide gammatone filter centered on the probe frequency. The amplitude of these waveforms was scaled to best illustrate the temporal envelope fluctuations of the maskers.
Stimuli were generated using MATLAB®-based (The MathWorks, Natick, MA) custom software (Bidelman et al. 2015) and output to the right earphone of EARTONE-5A (3 M, Minneapolis, MN) insert earphones after being routed through a LynxTWO-B (Lynx Studio Technology, Costa Mesa, CA) sound card (sampling rate, 44.1 kHz; 24-bit resolution) and a headphone buffer (Tucker-DavisTechnologies, HB7, Alachua, FL).
Exp. 1 evaluated the effects of masker temporal envelope fluctuation on masker level at threshold in temporal effect conditions. Independent variables were masker temporal envelope fluctuation (fluctuating and flattened), probe delay (onset and temporal center), and probe level. Several probe levels were used because the temporal effect may be missed in some subjects if tested at only one level (Bacon 1990 ). The dependent variable was masker level at threshold. Exp. 2 evaluated the effect of temporal envelope fluctuations on probe level at threshold for fluctuations occurring before, or simultaneous with, the presentation of the probe. This was done by presenting either a flattened or fluctuating precursor prior to the onset of either flattened or fluctuating maskers.
Procedure
Subjects sat in a double-walled, sound-attenuating room while participating in the experiments. Masker level at threshold (Exp. 1) was obtained using a threeinterval, three-alternative forced choice task, with a two-up, one-down adaptive rule to converge on 70.7 % correct detection (Levitt 1971). For Exp. 2, probe level at threshold was measured (one-up, two-down adaptive rule, 70.7 % correct detection). The step size of the adaptive track was 5 dB for the first four reversals and 2 dB for the remaining eight reversals. Threshold of the adaptive track was defined as the average level of the final eight reversals. Observation intervals were marked by lights and separated by 500 ms. Two intervals contained the masker; the other contained the masker and probe. Subjects pushed a button on a keyboard to indicate in which interval the probe was perceived and visual feedback was used to indicate a correct or incorrect response. Thresholds were first measured for probes in quiet and were 19, 19, 20, 25, 23, 20, 19, 27, 23 , and 17 dB SPL for S1-S10, respectively. Subjects were then familiarized with the experiments by measuring masker level at threshold for two repetitions of a 60-dB SPL probe presented near the onset and temporal center of fluctuating maskers. During phase I of training, listeners practiced detecting 45-and 60-dB SPL probes presented near the temporal center of fluctuating and flattened maskers (4 conditions × 1 threshold per condition = 4 threshold estimates). Phase II of training was identical to phase I except that the probe was presented near the onset of the masker. Thresholds measured during familiarization and training were discarded. During data collection for Exp. 1, conditions were randomized by probe delay, probe level, and masker fluctuation. For Exp. 2, conditions were randomized by probe delay, masker fluctuation, and precursor fluctuation. Thresholds from three (Exp. 1) or two (Exp. 2) adaptive tracks were obtained for each condition and averaged to compute the final threshold. If the standard deviation of these adaptive tracks exceeded 5 dB, an additional adaptive track was obtained and included in the average.
1 An additional adaptive track was obtained four times: twice in one subject and twice in another subject in Exp. 1 and once each in two subjects in Exp. 2. The first threshold measured during a given data collection session served as a Bwarm-up^and was discarded.
EXPERIMENT I
For this experiment, masker level at threshold was measured for 45-, 60-, and 75-dB SPL probes presented near the onset and temporal center of fluctuating and flattened maskers to determine the effects of masker fluctuation on the temporal effect.
Results
Figure 2 displays results from Exp. 1. On average, SNR (probe level-masker level) at threshold was constant or decreased slightly as a function of probe level for probes presented near the onset of fluctuating (Fig.  2a , open diamonds) and flattened (Fig. 2a, open  squares) maskers, respectively. For probes presented near the temporal center of fluctuating maskers (Fig.  2a, solid diamonds) , SNR at threshold increased and then decreased slightly as a function of probe level and was always greater than SNRs at threshold for probes presented near the onset of fluctuating maskers. These findings resulted in a negative temporal effect (Fig. 2b, diamonds) , which is consistent with previous studies that used 4000-Hz probes and onfrequency NBN maskers with bandwidths ≤ 10 % of the probe frequency (Bacon and Smith 1991; Bacon and Liu 2000) . The opposite trend occurred for probes presented near the temporal center of flattened maskers (Fig. 2a, solid squares) , where SNR at threshold decreased as a function of probe level and was always lower than SNRs at threshold for probes presented near the onset of flattened maskers. These findings resulted in a positive temporal effect that increased with increasing probe level, up to~7 dB (Fig. 2b, squares) , consistent with the temporal effect observed for on-frequency tonal maskers, which have flat envelopes (Bacon and Viemeister 1985) . The temporal effect obtained with fluctuating and flattened maskers was submitted to a repeated-measures analysis of variance (rmANOVA) with probe level (45, 60, 75 dB SPL) and masker type (fluctuating, flattened) as repeated measures. The main effect of masker type [F(1,5) = 29.26, p G 0.005] was significant, while the main effect of probe level [F(2,10) = 1.65, p = 0.24] and the probe level × masker type interaction [F(2,10) = 3.51, p = 0.07] were insignificant. These analyses show that the temporal effect was larger for flattened, compared to fluctuating maskers, regardless of probe level. Figure 2c displays the difference between SNRs at threshold for probes presented with fluctuating and flattened maskers and located near the onset (dashed line, open circles) or temporal center (solid line, closed circles) of maskers. This Bflat-fluctuating difference^(dB) was obtained by subtracting masker level at threshold for the fluctuating masker from thresholds measured with the flattened masker. When averaged across probe level, the mean (standard error) flat-fluctuating differences were 3.7 dB (0.6 dB) and 11.1 dB (1.1 dB) for the probe onset and 1 For Exp. 1, subject S2 was unable to return to complete a fourth adaptive track on one condition with a standard deviation greater than 5 dB; thus, data for this subject are the average of the original three adaptive tracks. These analyses show that the flat-fluctuating difference increases with increasing probe level and is strongest for probes presented near the temporal center of maskers, compared to probes presented at the masker's onset.
EXPERIMENT II
Data from Exp. 1 revealed greater flat-fluctuating differences for probes presented near the temporal center, compared to the onset of maskers (Fig. 2c) . In addition, fluctuating maskers were more effective when probes were presented near the temporal center, compared to the onset of these maskers (Fig. 2a, diamonds) . These findings are consistent with a relationship between detection thresholds for short probes and the AC-coupled envelope power (ENV AC ) of the masker in an analysis window temporally centered on the probe. Specifically, detection thresholds are expected to worsen as masker ENV AC increases in this window. Masker ENV AC is smallest for probes presented near the temporal center of flattened maskers and increases when (1) the masker's temporal envelope is made to fluctuate, and (2) the probe is presented near the onset of the masker, due to the masker's ramp. The hypothesis that detectability of a short tone depends on masker ENV AC is consistent with that of Svec et al. (2016) , who showed greater threshold elevation for probes preceded by forward maskers with fluctuating, compared to flattened, temporal envelopes. The relationship between detection thresholds for short probes and masker ENV AC was evaluated by presenting either silence or flattened or fluctuating precursors immediately prior to either flattened or fluctuating maskers. The precursor had the same spectrum as the masker, and the masker and precursor were presented at 75 dB SPL. Probe level was adapted to estimate thresholds. The masker's onset ramp overlapped the precursor's offset ramp by 2 ms to avoid an audible gap between precursor and masker. A 2-ms overlap between precursor and masker ramps eliminated audible gaps/transients for all conditions except for flattened precursors followed by flattened maskers. A rapid shift in the fine structure occurring at the junction of the low-noise noise precursor and low-noise noise masker sometimes resulted in an audible transient. To rectify this, a long low-noise noise stimulus with a duration equal to the combined duration of the precursor and masker was generated instead of generating separate precursors and maskers. This solution was possible because the levels and spectra of the precursors and maskers were equivalent. A correlation analysis was performed to test the hypothesis that probe thresholds are associated with ENV AC of precursor/masker pairs in an analysis window temporally centered on the probe. To obtain ENV AC , stimulus waveforms were half-wave rectified, low-pass filtered at 150 Hz, and squared to convert the temporal envelope into power-like units. ENV AC was calculated as the standard deviation of the squared temporal envelope within a rectangular analysis window temporally centered on the probe. Due to the stochastic nature of noise maskers and precursors, 100 stimuli were generated and processed, after which ENV AC was calculated on the average of these processed stimuli. Several analysis window durations were tested including 12, 25, 50, 100, 200, 300, 400, 500, 600, 700, 800, 900, and 1000 ms. Coefficients of determination (R 2 ) for the correlation between aver- Table 1 for each analysis window. R 2 was greater than 0.90 for analysis windows between 100 and 500 ms and declined to as low as 0.75 for the shortest and longest analysis windows. A plot of average SNR at threshold as a function of ENV AC for the best-fitting analysis window (400 ms) is shown in Fig. 4 , along with the associated regression line. Symbols in Fig. 4 represent different pairs of precursor/masker temporal envelopes, as indicated by the temporal envelope waveforms in the legend. Open and filled symbols are for probes presented near the onset and temporal center of the masker, respectively. When the correlation analysis between SNR at threshold and ENV AC (400 ms analysis window) was applied to thresholds from individual subjects, rather than the average thresholds, R 2 was greater than 0.90 for all subjects, except S2, where R 2 was 0.71. These results suggest that the strong relationship between SNR at threshold and ENV AC observed for the mean data also holds for data from individual subjects.
DISCUSSION
This study shows that, for normal-hearing adults, the lack of a temporal effect for NBN maskers (bandwidth ≤ 10 % of probe frequency) centered on the probe frequency is partially due to the inherent temporal envelope fluctuations of these maskers. This conclusion is supported by the finding that a positive temporal effect was observed for NBN maskers with flattened, but not fluctuating, temporal envelopes (Fig. 2b) . Moreover, quantifying temporal envelope fluctuations as ENV AC accounts for 94 % of the variance in SNRs at threshold for probes presented in the context of fluctuating or flattened NBN maskers and precursors (Fig. 4) . The analysis window durations most effective at accounting for this variance (50-400 ms) are consistent with time constants of other auditory temporal processes such as temporal integration (Gerken et al. 1990 ) and forward masking (Moore et al. 1988 ).
The strong relationship between ENV AC and probe thresholds is consistent with the success of models with temporal envelope-based decision variables in accounting for perceptual performance in simultaneous masking (Richards 1992), amplitude modulation detection (Ewert and Dau 2000) , and speech perception (Jorgensen and Dau 2011). Moreover, interpreting detection thresholds for short probes in longer simultaneous maskers in terms of ENV AC is consistent with the finding that thresholds for short probes are higher when presented near the onset and offset (Elliott 1965) of longer maskers, compared to thresholds for probes presented near the temporal center of maskers. A parsimonious interpretation of the temporal effect observed for flattened NBN maskers (Figs. 2b and 4 , open and closed leftpointing triangles) is that listeners rely on fluctuations of the stimulus temporal envelope to detect the probe, and that the onset ramp of the masker interferes with listeners' ability to segregate the probe from the masker. The hypothesis that temporal envelope fluctuations may lead to stimulus uncertainty has been proposed and supported by previous studies using fluctuating and flattened maskers in simultaneous (Buss et al. 2006 ) and forward masking (Svec et al. 2015 (Svec et al. , 2016 ). An advantage of interpreting the data from Exps. I and II in terms of ENV AC is the ability to account for the temporal effect and for the effects of fluctuating and flattened precursors under a single unified framework. Despite this, such an interpretation deviates from the mechanisms commonly evoked to explain the temporal effect, such as a reduction in cochlear amplifier gain over the time course of the masker (Schmidt and Zwicker 1991; von Klitzing and Kohlrausch 1994; Strickland 2001; Bacon and Savel 2004; Jennings et al. 2011 ).
The temporal effect observed with flattened NBN maskers in this study is qualitatively different from the temporal effect observed in previous studies involving BBN maskers, which have been well explained by models based on cochlear gain reduction (Strickland 2001; Jennings et al. 2016 ). This qualitative difference is illustrated in Fig. 5a , which compares SNR at threshold as a function of probe level for broadband Gaussian noise maskers (Jennings et al. 2016 ) and narrowband low-fluctuating noise maskers (current study) for probes presented near the onset (open symbols) and temporal center (closed symbols) of maskers. SNR at threshold was computed at the output of a 1-ERB N wide filter centered on the probe frequency (4000 Hz for both studies). The temporal effect for BBN maskers increases with increasing probe level. This increase is due to increasing SNR at threshold with increasing probe level for probes presented near the onset of the masker (Fig. 5a , open triangles), while SNR at threshold remains constant with increasing level for probes presented near the temporal center of the masker (Fig. 5a , closed triangles). Higher SNRs at threshold for moderate-tohigh level probes, compared to low-level probes, in the probe onset condition has been interpreted and successfully modeled as evidence for greater cochlear compression at moderate-to-high, compared to low probe levels (Strickland 2001; Jennings et al. 2016) . In other words, the internal representation of the probe+masker interval grows slowly (due to compression), while that of the lower-level masker-only interval grows more quickly, resulting in shallow growth of masking (Fig. 5b, open triangles) . This interpretation is supported by the finding that SNR at threshold for probes presented at the masker's onset is better (lower) than normal in subjects with temporary (Champlin and McFadden 1989; McFadden and Champlin 1990) or permanent cochlear hearing loss (Bacon and Takahashi 1992; Strickland and Krishnan 2005; Jennings et al. 2016) , who are expected to have reduced cochlear compression. Constant SNRs at threshold as a function of probe level in the probe temporal center condition have been interpreted as evidence for a reduction in cochlear compression over the time course of the masker for normalhearing listeners (von Klitzing and Kohlrausch 1994) . A reduction in gain is expected to linearize cochlear responses, leading to growth of masking with a unity slope (Fig. 5b, closed triangles) .
Similar to the temporal effect with BBN maskers (e.g., Jennings et al. 2016) , the temporal effect with narrowband flattened maskers (current study) increases with increasing probe level. Despite this, the relationship between SNR at threshold and probe level is difficult to account for with the gain reduction model, which assumes that the probe is detected through an auditory filter centered on the probe frequency, and that the temporal effect is explained by a decrease in cochlear compression over the time course of the masker (Strickland 2001) . Based on these assumptions, the constant SNRs at threshold as a function of probe level in the probe onset condition (Fig. 5a , open squares) and the growth of masking with a unity slope (Fig. 5b, open squares) suggest that the internal representations of the probe+masker and masker-only intervals grow at the same rate. This similar rate of growth indicates that the responses of the probe+masker and masker-only intervals through an auditory filter centered on the probe frequency grow linearly, or are subjected to the same degree of cochlear compression (Nelson and Schroder 1997). Thus, unlike results from BBN maskers, there is no evidence to support or refute the idea that cochlear compression accounts for the relatively higher SNRs at threshold for probes presented near the onset, compared to the temporal center of NBN maskers. The decrease in SNR at threshold as a function of probe level (Fig. 5a , closed squares) and the steep growth of masking (Fig. 5b , closed squares) for probes presented near the temporal center of flattened NBN maskers are difficult to explain in terms of a reduction in cochlear gain. The growth of masking slope greater than unity implies that the internal representation of the probe+masker interval grows more quickly than that of the masker-only interval. A reduction in gain is expected to linearize the cochlear response through the auditory filter centered on the probe frequency. Thus, growth of masking with a unity slope is expected, unless the output of the probe+masker interval exceeds the compression breakpoint. If this were the case, shallow growth of masking is expected, rather than the steep growth of masking observed in Fig. 5b (closed squares). Although ENV AC accounts for the temporal effects observed in this study, it is not expected to account for the temporal effect observed with BBN maskers. For example, if the probe is detected through an auditory filter centered on the probe frequency (i.e., critical band model), ENV AC at the output of such a filter is expected to be large in response to BBN due to the filter's accentuation of slow temporal envelope fluctuations (Dau et al. 1999) . Thus, ENV AC predicts that results for BBN maskers will be similar to the results for fluctuating NBN maskers: higher (poorer) thresholds for probes presented near the temporal center, compared to the onset of the masker. This prediction is inconsistent with the 10-25 dB improvement in probe thresholds observed with BBN maskers as the probe is delayed from the onset, to the temporal center of the masker (Bacon 1990 ).
ENV AC may partially explain the temporal effect with BBN noise maskers if the critical band model is discarded in favor of a multiband model (Gilkey and Robinson 1986; Davidson et al. 2006) . In this case, a decision variable based on the summed response across several auditory filters would have the effect of flattening the internal representation of the masker's temporal envelope. This reduction in the effective ENV AC predicts a 5-10-dB temporal effect, similar to that observed for flattened NBN maskers (Fig. 2b, squares) ; however, this falls short of the 10-25-dB temporal effect observed for BBN maskers. The notion that listeners combine information across several auditory filters to improve performance has been well established in studies on comodulation masking release (Hall et al. 1984 ) and profile analysis (Green 1987) . Additionally, a multiband model may account for the potential effects of off-frequency listening through cochlear filters basal to the probe frequency, where response growth is expected to be linear (Moore et al. 1999) . Such offfrequency listening effects are not expected for BBN maskers and may partially account for differences in growth of masking slopes among NBN and BBN maskers.
Temporal effects for BBN and NBN maskers differ in their SNRs at threshold (Fig. 5a) , growth of masking slopes (Fig. 5b) , and their ability to be accounted for by the gain reduction model and/or by ENV AC . These findings are consistent with the general phenomenon of the temporal effect originating from several different underlying mechanisms, where the contribution of each mechanism depends on stimulus settings (e.g., masker bandwidth). Similar conclusions about multiple mechanisms contributing to the temporal effect were offered by Carlyon and White (1992) and Bacon and Savel (2004) . The significance of the current study is the finding that ENV AC contributes to the temporal effects measured with NBN maskers and may contribute to temporal effects observed with other maskers. The dependence of the temporal effect on factors such as masker spectrum (Bacon and Smith 1991) , probe frequency (Strickland 2001), probe duration (Zwicker 1965a), hearing impairment (Bacon and Takahashi 1992) , and masker temporal envelope characteristics (current study) highlights the complexity of the temporal effect and motivates the need to interpret such data in the context of an auditory model. Based on the results of the current study, future efforts to model the temporal effect should simulate the effects of ENV AC in addition to simulating other potential mechanisms of the temporal effect including (among others) compression and cochlear gain reduction.
SUMMARY AND CONCLUSIONS
This study shows that temporal effects measured with NBN maskers depend on the inherent fluctuations of the masker's temporal envelope. Detection thresholds for short probes presented with fluctuating and flattened precursors and maskers are consistent with a decision variable based on the AC-coupled power of the precursor and masker temporal envelopes. Temporal effects measured with NBN maskers and BBN maskers differ in terms of SNRs at threshold and growth of masking, which is consistent with these temporal effects originating from separate mechanisms. Success of future efforts to model the temporal effect may depend on the use of a decision variable based on the ACcoupled power of the temporal envelope.
